UNCLASSIFIED

AD NUMBER

AD223867

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; Jan 1951.
Other requests shall be referred to the
Office of Naval Research, Arlington, VA.

AUTHORITY

ONR 1ltr, 26 Oct 1977

THIS PAGE IS UNCLASSIFIED




UNCLASSIFIED

0 223867

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA, VIRGINIA

UNCLASSIFIED




(5D 230 so

University of California
Department of Engineering

Fluid Mechanics Laboratory
vé_ v . NR 083 008
I skIg“H“ns Technical Report

AP
(7 Pl
-
} 0ffice| of Naval Researsh, U,S.Navy
L*J ni Contract N7onrd29528

SpSPt No, HE=116-307;
( ( - {”? 2l @M Series 3 - Issue 307
‘ (¢ AN

C) 3 (1 ANALYSIS OF WAVE REGORDS ,
By
ﬂ H \
\ QO | .\ Frank E, Snodgrass
= and

( Donald E. Stiling o

Berkeley, California

@ LJ:nuoq-.iﬂSl 5



Techniocal Report
HE=116-307

ANALYSTS OF WAVE RECORDS

by

Frank E. Snodgrass
and
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INTRODUCTION

Due to the irregularity of ocean waves in height and periocd, the definition of
terms employed in desoribing the waves is very important. The following basic
definitions(B)*have been accepted:

l. Wave height is the vertical distance between the crest and the
preceding trough.

2. Characteristic wave height is the average height of 33 1/3 percent
of the highest waves,

3. Wave period is the time interval between the appearance 'at a fixed
point of successive wave crests.

4. Characteristic wave period is the average period for the well-defined
series of Eiiﬁest waves observed. .

6. Wave direction is the orientation of the line of travel of the
largest well-defined waves.

The definitions of characteristic wave height and pesriod are incomplete in that
the length of observation is.not specified. A minim g riod of ten minutes has
been sugzested by Soripps Institution of Oceanogra ur? Swhile a minimum of )
twenty minutes has been suzgested by R. G. F‘olsom.?8 Iittle evidence has been
published as to the effect of the length of the obsservation period but, as in
measuring any statistical quantity, the longer the period taken the better the
results, providing conditions do not change during the period. However, a

long period of observation means greater expense in regard to the amount of chart
paper used in reccrding data and the amount of time required for analyzing the
the records. : :

ANALYSIS OF WAVE RECORDS FOR WAVE HEIGHT

In analyzing the wave records made at various loocations along the Pacifio 'cqist
during the last several years, the following sitep=by-step procedure has been
used by the University of California, Berkeley:

1. Select a continuous record of about a twenty-minute duration which was
made while the recorder was operating at fast speed (three inches per
minute) and at approximately the time for which wave information is
desired.

s See items in References




2. Determine the total number of waves recorded during the selected
interval by:

a, Measuring the wave pericd of all well-defined waves
in the selected interval of the record &and computing
an average value,

b, Computing the total number of waves by dividing the
determined average wave period into the total seconds
covered by .the record interval.

3+ Determine the significant wave height by:

a. Measuring the height of the highest 33 1/3 percent of the
total number of waves in the gelected interval.

be Computing the average height of the measured values.,

4. Determime the average height of the highest 10 percent of the waves
as in step number three. (optional)

B. Determine the maximum wave height in the selected twenty-minute
period. ‘

Several studies have been made to determine ths.statistical distribution of wave
height and periods about the characteristic wave heights and period. These
studies do show a tendency for the wave heights to follow definite statistical
distributions. Thus, the measurement of a "Characteristic" height oan be used to
describe the wave heights of the irregular wave trains.

Wave period distribution studies have not been as successful. - The distribution of
wave periods about an average, or characteristic period, is not consistent from
one record sample to the next. In this sense characteristic wave periods, as
determined from the above, do not describe the wave periods of the irregular
waves fourld in nature. '

One of the first of these studies, made by R. L. Wiegel(zz), showed that a
definite relationship existed betwsen the average height of the highest one~third
of the waves, the average height of the highest one-tenth of the waves, and the
highest wave that occured in the 20 minute interval.

The ratio of the average height of the highest 10 percent to the average height
of the highest 33 L/S percent has been found to be 1.29, This ratio was de-
tormined from wave data recorded at Point Arguello, California (1.30), Point
Sur, California (1.27), and Heceta Head, Oregon {1.30). A substantial number of
the daily values of this ratio agreed within 10 percent with the average value
derived from readings taken over a fourteen-month period et Point Sur and Heceta
Head, and over a three-month period at Point Arguello.’

Also frem the above data, the average ratio of the maximum wave height to the
average wave height of the highest 10 percent was found to be 1.46; while the
average ratio of the maximum height to the average height of the highest 33 1/3
percent was found to be 1.87. Again a substantlal number of the daily values
of these ratios compared favorably, agreeing within 20 percent with the average

value.
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In & tabulation of wave data taken from two widely soparated stations in the
Atlantic (Cuttyhunk, Massachusetts and Bermuda) by H. R. Seiwell?19? (18), a
constant of 1,57 was found for the average ratio of the average height of the
highest 30 percent to the averdge height of all waves.

The agreement of daily values to the average values of these ratios and the
agreement among values determined at widely separated stations indicated that a
definite statistical grouping of waves is generated by wind.

Evidence to further substantiate this ?hg$r¥ ig found in the results of a statis=-
tical analysis conducted by R. R. Putz 1 233at the University of California,
Berkeley. Analysis wes made of twenty-five wave records selected from various
localities and made at varicus times of the year to obtain good sampling. Putz
found that the statistical firequency distribution of observed wave height in a
twenty-minute interval is approximetely constant in form and, for a first approxi-
mation, requires for its complete description only the determination of & typical
haight, such as the "significant wave-height". The wave-height distribution of all
twenty-five pressure records matched, with reasonahle accuracy, a Pearson Type III
frequency function with a 0.8 positive skewness and proportionality. of the mean and
the standard deviations.

Utilizing this mathematical model, Putz computed values for ratios reported by

R. L. Wiegel and H. R. Ssiwell, The value of maximum wave height determined from
the model was taken es the probable maximum wave in two twenty-minute intervals
as used by Wiegsl in determining his daily meximum wave height. Excellent agree-
ment was found among these three sources as shown in the following table.

TABLE I

Comparison of Wave Heipght Ratios
for Various Pressure Recorders
and a Frequency Function

~ o o o o s 2
Besls of Calculations I lCompuygg‘Fatiog Remarks
; H1/3 : H1/10 Bnax Enax'

Point Argusllo, California ' : i
; wave recorder ¢ 1.80 1.86 | 1.42 is months of data
| i .
| Point Sur, California i 5 !
. wave recorder ' 1,27 i 1.85 | 1,48 |14 months of data
i i |
; . !
: Hecota Head, Oregon i ! g
. wave recorder _ 1.30 1.91 | 1.47 - 14 months of Hata
?Cuttyhunk, Massachusetts i i : L
i wave recorder 1.57 : 10 months of data

|

| Bermuda [ ,
!wave recorder 1°57; g 7 .4 months of data
| Average of wave record values 1.57 1.29 1.87 ' 1.46 -

|

. Pearson Type III frequency : j '
gfunction MODEL 1.57! 1.29 ' 1.81 : 1.41 Model based
|

I te e am oot o S ke £ 28 15 £ Pt e e s 8 s

records

upon 25 gelected
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ANALYSIS OF WAVE RECORDS FOR WAVE PERIOD

Anelysis of wave records for the characteristic period is accomplished by
measuring the average period of the larger, well-defined waves appearing on the
records This is comparable to measuring the characteristic height of the waves

by determining the average height of the highest 30 percent of the waves. The
characteristic period of the waves does not describe the period-distribution,
however, as the characteristic height describes wave~-height-digtribution. Although
wave heights have been found to follow a simple mathematical distribution even
though the waves may be arriving from two or more storm areas, wave periods do not
follow a simple distribution if more than one generating area exists. Additional
informetion is needed to adequately describe wave periods.

The need for more accurate methods of analyzing wave periods has led to the de-
velomment of electrical-mechanical analyzers, (1)’ a frequency analyzer, (2) an
auto-correlation function analyzer.

The frequency analyzer messures the preserce of the wvarious simisoidal

frequency components in the record to produce a frequency distribution curve.

Even though this analysis may give an accurate mathematicel representation of the
data, the val%d§ty‘o£ its physical representation has been guestioned by -

Ho R, Seiwell'}.) 1 ). 4 study of the frequency distribution curves of pressure
typs wave recorders by the Ocea o§raphic Research Group, AdTi{SI?X egearch
Laboratory, Teddington, England(l), and later by W, H, Munk 2)indicates that
this type analysis is useful in tracking storms and in correlating meteoroclogical
and wave data,

The second type of analyzer which is based on the auto-corrélation function, ?az
besen investigated by the Marine Physical Laboratory, University of Ca}ifornia 1 ).
Sen Diego, California and the Woods Hole Oceanographic Institution(10), Woods Hole,
Massachusetts. Although s8till in the process of development, this method shows
promise of more accurately describing the physical characteristics of surface

waves ‘than the frequency analyzer.

ANALYSIS OF UNDER WATER PRESSURE RECORDS

The analysis of pressure records for wave period is the same as the analysis of
surface wave records. The records differ, however, in that the short period waves
are not registercd to the same degred as the long period waves by pressure re-
corders due to the hydrodynamic pressure attenuation of the water, As a result,
many of the shorter period waves may not appear on the pressure record.

If the technique of measuring the periods of only the larger, well-defined waves
of the record is followed (as described under Analysis of Wave Records for Wave
Period), the measured period will be approximately the same as would be obtained
if the record woere made with a surface type gage. For locations on the exposed
coast, the short period waves, not recorded by pressure, are generated by local

wind,

In several cases, attempts have been made to utilize the hydrodynamic attenuation
of short period waves by installing gages in deep water (about 600 feet) so that
only the waves of long periods (storm forerunners, seiches and tsunamis) will

be recorded. These long period waves are recorded by pressure heuds installed in
shallow water, but are "lost" in the record of shorter period waves, Installations
of this type of ingtrument have been made, but due to instrument difficulties

no satisfactory records have been ohtained.
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To obtain the surface wave heights from the pressure record, iwo factors are re=-
quired: (1) the calibration of the instrument and (2) the pressure response

f;ctor relating the subsurface pressure fluctuations to the surface wave. Thus,

=
n

wave height at the surface (in feet);

Q
u

calibration factor of the instrument (expressed in feet of water
pressure variation per chart division);

=
1

= pressure response factor based on the depth of the instrument, the -
depth of the water and the length (or period) of the wave being
recorded;

R

reading of the instrument,

the following equation is used to obtain the surface wave height:

HBC/K(R)e ¢ o o et s s o 0o oo aooeoossesooseoess(l)

The calibration factor for most instruments in use today is & constent which 1s-”
independent of wave period and depth of the instrument. The instrument provides
& record of the pressure variations at the .instrument which is accurate in amp-
litude and wave form. '

The relation of the subsurface pressure fluctuations to the surface wave has been
determined theoretically for two dimensional, irrotational m?tﬁon of an incompres=
sible fluid in the relatively deep channel of constant depth 7 The response
factor K has been shown to be: _

K.oosh?qrg/L(l-z/,d)........»...............(2&)

cosh 2md/L
where
gz = depth at which the pressure variation is being measured (in feet),
d = depth of water at the instrument (in feet),
1 = length of the surface wave (in feet).

When g = d, the pressure variation is measured at the bottom and equation 2a re=-
duces to:

Ks

d..‘...............‘........(2b)

1
cosh #d/L

Pressure records do not enable the direct measurement of wave length; the wave
length must be calculated from the wave period using the following equation:

L=<§g:_) a0 278/E o s « o s 0 00 oo e o v s o ne oo o s o ofB)

Where T = wave period (in seconds).

Suitable graphs and tables (20)are available for the solution of these equations.
Graphs have been prepared which enable the response factor (E) to be determined
4f the water depth (d), instrument depth (z), and wave period (T) are known.
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Iwo errors arise when the above equations are used to determins the responsa
fector (K) for ocean waves: (1) an average or characteristic period must be used
in the equation while the actual wave period is continuously varying and indivie
dual waves are not sinusoidal in form; (2) wave heights computed from these

equations have been Bhown by seversl observers to be from six to twenty-five per-
cent too low,

Considering the first of these two errors, grester accuracy probably could be
attained if the pressure response factor were determined for each wave and the
equivalent surface wave were individually computed., This procedure might be
feasible from & practical standpoint if the statistical distribution of wave
height and wave period could be established so that fewer waves need be analyzed to
completely describe the state of the waves. (See sectiont Analysis of Wave Records
for Wave Height). =

The second of these two errors emphasizes the need to reconsider the basio theory
which doss not agree with experiment. Every observer who has simultaneously
measured the surface weves and the subsurface pressure fluctuations has found the
theoretical response factor determined from equation (2a) to be too small. Ten
random measurements made at the Waterways Experiment Station( 4)indicated an
average correction of 1,07 should be applied to the response factor. Seven?egn
laboratory measurements at Berkeley indicated an average corr?ction £ 1.1018),
Field data reported by the Woods Hole Oceanographic Institute(l) (16)indicated a
correction factor in excess of %.?0 while the three sets of field data obtained
8)indicated values of 1.06, 1.08, and 1,18,
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APPENDIX

STATISTICAL ANALYSIS OF QCEAN WAVES

The wave recorder is programmed to run at slow-speed (3 inches per hour) for b
hours and 36 minubtes,.and at fast-speed (3 inches per minute) for 25 minutes. When
definite and pronounced increases in wave amplitudes (indicating the arrival of wave
trains) are evident on the slow-spesd portion of the record, the time and date of
these errivals are noted by the analyzer. Only the fast-speed sections of the
chart are analyzed for wave height and period. A twenty minute interval is selected
for determining characteristic wave period and maximum and characteristic wave
heights. Except in cases of storm arrivals, as previously mentioned, the records
are analyzed at twelve~hour intervals. Records are analyzed every six hours during
_storm periods or when the slow speed portion of the record indicates rapidly
changing conditions.

To standardize practices used in the analysis of oceun waves from underwater
pressure~head records, the following list of definitions has been accepted.*

1. Wave height is the vertical distance between the crest of a wave and
The preceding trough.

2. Characteristic wave height is the average height 6f 33 and 1/3 percent
of the highest waves. ‘

3. Wavejgeriod is the time interval between the appearancs at a fixed point
of successive wave crests.

4, Characteristic wave period is the average period for ‘the well-defined
serles of highest waves recorded.

5, Wave direction is the orientation of the line of travel of the largest
© well-defined waves.

PROCEDURES FOR ANALYZING WAVE RECORDS

The following steps in the'procedure for analyzing wave records have been deve-
loped over a period of several years at the University of California,

Recqipf of the Records

The graphic chart represents the time history of the surface wave action and
should be the final authority in case of future conjecture as to the validity of
statistical information compiled therefrom. Hence, a system of logging cherts is
used for facility of fubure reference. The log of records contains (&) the time
and date the run began and ended, (b) the number of the chart (i.e., its chrono-
logical sequence) and (o) the date the record was received, Following is a form
which hes been used for logging records.

LOCATION ' | START END REMARKS

Received Roll YNo. l Time Date Time Date

" log for Mark IX Wave Recorder Charts

« Folsom, R. G.; "Measurement of Ocean Waves"; TRANSACTIONS of the AMERICAN
GEOPHYSIZAL UNION, Vol. 30, No. §; October 1949,

——
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Reading the Chart:

A+ TFrequency of teking Samples

1. The wave records are analyzed during the fast~speed portion of the
chart at approximately twelve~hour intervals. Recorders are progremmed
‘o obtain fast-speed records at 6 A.M., noon, 6 P.M., and midnight.»

2. Manueal operation of the chart speed is provided on all records.
Additional samples may be obtained by the operator during storm periods.
The frequency of these samples and the number of the records analyzed is
left to the discretion of the operator and analyst.

B, Establishing the point in time of readings

1, Tho beginning time should always be marked on the chart when a new roll
is placed in operation, and also when it is removed from the recorder.

2, If possible, time checks should be made on the chart during the recording
period together with supplementary remarks concerning the character of
the surface waves.*s

3. A progressive time determination is made assuming six hour intervals be-
tween the beginningsof the fast-speed runs. The time at any point on the
chart can be determined by measuring the chart length (or counting divi-
sions) from the known time.%##

4, The time of the reading is defined as the mean time of the interval
chosen for analysis. (See C "Selection of Interval.)

C. Selection of Interval to be Analyzéd Within the Fast-Speed Portion of thé Chart

The programming of the fast-speed portion of the wave record would logically be &
direct funotion of the average period of waves during that portion. That is, the
enslysis is normelly based on a given number of waves, and for equal numbers of
waves measured per interval, one would select short and long fagt-speed intervals for
waves of shorter and longer periods, respectively. While this would be statistically
consistent, it would require the impracticability of period forecasting and the
inconvenience of variable programming, or the use of an excessive amount of chart
paper. Hence the following plan is used, based on the analysis of a fixed time
interval.

1. Select the interval to ineclude 20 minutes of the fast-speed portion
and, if possible, select this interval such that its mid-point will
approximately coincide with the mid-point of the fast-speed run,
This assumes & fast=-speed run to be approximately 26 minutes in
length. :

*« The Sangemo Timer used for programming the frequency of fast runs and their
duration may be used in a number of combinations.

#+ These periodic remarks should include time of observation, direction of waves
as defined on page 1 of this report, the stage of the tide, and desoriptive
remarks about the character of the water surface--such as calm, rough, white
caps, etc.

s Fazi‘chart speed corresponds to & inches per minute, slow chart speed corresponds
to 3 inches per hour,
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2+ In the event that this interval cannot be token (due to the end of the
chart or variation in cam action of the programmer), select as greut
en interval as may be possible, centering the interval so that at least
one minute is allowed at the beginning of the interval in order for the
cshart speed to reach its full speed (particularly if the spring wound
recorded is used).

A typical wave record has been analyzed and reproduced here ‘to illustrate
the analysis procedure, Notice that the time of the beginning of the
sampling interval is 0829 whereas the beginning time of the fast-speed
run is at 0827, An interval of 20 minutes has baen gelected in this fast-
speed portion, hence the end of the sampling interval is 0847.

The %time of the interval being centered within this 20 minute interval
is, ThereTore, 0OB3D,

Do Determination of the Characteristic Period

l, Having defined the sampling interirai, the next step is to selsct several
groups of waves, within the interval, that contain a series of well=
def'ined waves.

2, Measure the length of time from the beginning te the end of each of
the geries of well-defined waves and count the number of waves included
in this series.

3. Divide the sum of the time-intervaels of the groups of waves by the
total number of waves counted in all such groups.

Thus Tg & £
_ . n
vherss t = total time interval between the beginning and end
of all well-defined series of waves.
n 2 total number of waves included in all of the series.

To& The Chracteristic Wave Period.
From the example, we see that there have been six such groups of waves
selected and that the characteristic period of this interval is found’
$0 bé:

T, & N = 44+87+193+475+103+114 & 616 . '
¢ = 1l4.7 sec
_ T R

+
E. Determination of the Number of Significant Waves to be Measured

1, Divide the interval by the characteristic wave period to determine the
numbey of waves within the interval,

For examples

Interval (in seconds) = N number of waves
Period (seconds per wave) :

201;60 = 1200 =
—Iz.T 47

82 waves

B e




. _ 1i
2, Measure the highest N/3 waves (,lg, = gﬁggry)t
(2) Scan the record selecting the highest waves observed until N/3
waves are selected.
(b) Measure the height of the waves in divisions and record.
~ As may be geen on the sample analysis Data Sheet, the values of the iave heights
have been recorded, the remaining part of the analysis being to arrive at the
significant wave heights from thesse data.
F. Determination of Significant Wave Heights
1. Determine the average of the highest N/3 waves as recorded (in this case

27 waves). Since the waves are measured in terms of the recorder
chart divisions, the designation of this average is Rl/s' From the

example, Ry/z = 16.9"*,

2. Record the meximum wave height encountered R .., in this case 18.6
divisions.

' G, Evaluation of Wave Heights from Chart-divisions to Wave Height in feet-of-water

1. Thc following equation is used to obtain the surface wave height:

HEgR (1)

where: H = wave height at surface, in feet,

c

calibration factor of the instrument in
Feet of Water Pressure
Chart Divisions -

K = pressure response factor based upon depth of the
instrument, depth of the water and length (or
period) of wave being recorded,

R = reading (in divisions) taken from chart as shown
above,

2. Since the characteristic wave height and the maximum wave experience
are the only two surface wave heights required in compiling the statistiocal
information, only the values from the preceding determination need be
‘uged as the value of *R" in the above equation (1).

% In the oxample given, the highest 30 waves have been selected for measurement,
and after measurement, the three lowest of this group have been omitted from
the average. Normally, the analyst need select only 1/3 of the waves for
measurement.

»x Omitting 12, 12.6, 12.5 (bhree lowest values of the 30 selected for measuremen‘t).

e




Examgle:
R
Hy /g = _11_{(2 ¢

Hy/3 = 1?-9:,‘!‘ 0.0755 = 1.46 feet

Hpax = 19,6 0,0766 = 1.79 feet

3. The value of €,0.07566, was determined by laboratory test.

4. The values of K for various conditionsof depth, period, etc. may be
readily computed or obtained from preparsd tables and graphs®,

H. Recording the Statisfical Information
The purpose of analyzing wave data is to finally compile statistics that give

a time history of the characteristics of surface waves. This information may
be tabulated on a form as shown below and eventually may be graphed to a

time scale,
CHARACTER OF THE SEA TABLE
AT ' FROM ' TO
DAY | EOWR| T H /3 Hax REMARKS

+ Wiegel, R. L., PRESSURE RESPONSE AT THE OCEAN BOTTOM DUE TO SURFACE GRAVITY
WAVES, Technical Report HE-116-108, University of California, Department of
Engineering, Fluid Mechaniocs Laboratory; Berkeley, California; September 1948.

&
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13

SAMELE ANALYSIS=-DATA SHERT
POINT SUR, CALIFORNTA

N

i

otz NommeR | 273 5
DATE May 11, 1950
TIME OF READING 0839
PERIOD 13.6 sec, ]
¥/§ ! 27 :
WAVE NO. WAVE HEIGHT - IN DIVISIONS
1 14
2 13,6
3 13
4 12 .5%
5 15
6 17.5 !
7 18
8 17 .
9 18
10 19.5
1 18
12 14.5
13 18
16 12.45%
16 12 =
17 17
18 16.6
19 18
20 18.56
21 13
29 13
23 17
24 17
o5 18
28 18.6
27 14
28 12456
29 16
20 16

ax 19.5

0.822
1/3 1.46 F+.
ax 1.79 Ft-

K, the ratio of the subsurface pressure to the surface wave height, was determined
for a depth of water of 66 feet and for an average period of 14,7 seconds.

* These values were not used (see footnote **, page 11).
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